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(54) Title of the Invention: ORGANIC ELECTROLUMINESCENT ELEMENT 
(57) [Abstract] 

[Object] The object is to provide an organic electroluminescent element in which the emission 
efficiency is high and deterioration in luminance is small at the drive lifetime. 
30 [Solving Means] An organic electroluminescent element includes a buffer layer which is 
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provided in contact with a cathode and is a layer containing a porphyrin compound or an 
aromatic amine compound and a metal having a work function of 4.0 eV or less or a layer 
containing a specific porphyrin compound. The organic electroluminescent element in which 
the emission efficiency is high and deterioration in luminance is small at the drive lifetime is 
5 provided. 

[Scope of Claim] 

[Claim 1] An organic electroluminescent element which has an organic layer between a pair of 
electrodes, characterized in that: 

a buffer layer provided in contact with a cathode within the pair of electrodes contains at least a 
10 porphyrin compound and a metal having a work function of 4.0 eV or less. 

[Claim 2] The organic electroluminescent element described in claim 1, characterized in that the 
porphyrin compound is the one shown in the general formula (1). 
[Chemical Formula 1] 
(1) 

15 (It is to be noted that R x to Rg denote the same or different hydrogen atoms, halogens, or 
monovalent organic residues. Ri and R2, R3 and R4, R 5 and R<5, and R 7 and Rg may form a ring 
in combination. Ai denotes - N = or - CR 9 = R 9 is a hydrogen atom, a halogen, or a 
monovalent organic residue, and Mi is a hydrogen atom, a metal atom, a metal oxide, a metal 
halide, or a metal containing a monovalent organic residue.) 

20 [Claim 3] An organic electroluminescent element which has an organic layer between a pair of 
electrodes, characterized in that: 

a buffer layer is provided in contact with a cathode within the pair of electrodes and contains at 
least an aromatic amine compound and a metal having a work function of 4.0 eV or less. 
[Claim 4] The organic electroluminescent element described in any one of claims 1 to 3, 
25 characterized in that the metal having a work function of 4.0 eV or less is an alkali metal or an 
alkali earth metal. 

[Claim 5] An organic electroluminescent element which has an organic layer between a pair of 
electrodes, characterized in that: 

a buffer layer provided in contact with a cathode within the pair of electrodes contains a 
30 porphyrin compound described by the general formula (2). 
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[Chemical Formula 2] 
(2) 

(It is to be noted that Ri 0 to Rn denote the same or different hydrogen atoms, halogens, or 
monovalent organic residues. A 2 denotes -N = or -CRig =, Rig is a hydrogen atom, a halogen, 
5 or a monovalent organic residue, and Mi is a metal containing a hydrogen atom, a metal atom, a 
metal oxide, a metal halide, or a monovalent organic residue.) 

[Claim 6] The organic electroluminescent element described in any one of claims 1 to 5 
characterized in that the cathode is formed of a metal having a work function of 4.0 eV or more. 
[Detailed Description of the Invention] 
10 [0001] 

[Industrial Field of the Invention] The present invention relates to an organic electroluminescent 
element which is a widely used light emitting element as various display devices and in 
particular, has a low driving voltage, high luminance, and excellent stability. 
[0002] 

15 [Related Art] An electroluminescent element can perform brighter and more vivid display than a 
liquid crystal element since it is self-light emissive; therefore, it has been studied by many 
researchers. These days, as an electroluminescent element which has reached the level of 
practical use and been commercialized, there is an element using ZnS which is an inorganic 
material. However, such an inorganic electroluminescent element has not been widely used yet 

20 because it is required to have a driving voltage of approximately 200 V for emitting light. 

[0003] Compared to this, an organic electronic field light emitting element which is an electronic 
field light emitting element using an organic material has conventionally been far from the level 
of practical use; however, characteristics thereof have remarkably progressed owing to a 
stacked-layer structure element developed by C. W. Tang et al. in Kodak company in 1987. 

25 (Appl. Phys. Lett., vol. 51, p. 913, 1987) They stacked a fluorescent substance having a 
stabilized deposition film structure and capable of transporting an electron and an organic 
material capable of transporting a hole and injected both carriers in the fluorescent substance, 
thereby succeeding in performing light emission. 

[0004] Accordingly, light emission efficiency of the organic electroluminescent element is 
30 improved and light emission of 1000 cd/m 2 or higher can be obtained with a voltage of 10 V or 
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lower. Basic light emission characteristics of such an organic electroluminescent element are 
extremely excellent. One of the biggest problems preventing the practical application is a lack 
of stability. In specific, emission luminance is deteriorated, a region where no light is emitted 
called a dark spot is generated, or destruction is caused due to a short-circuit of an element. A 
5 problem of a boundary between a cathode and an organic layer is considered as one of factors of 
such deterioration in characteristics. In order to solve the problem, it is examined that an 
organic layer which is in contact with a cathode is improved. 

[0005] In specific, it is disclosed that between an organic light emitting layer and a cathode, a 
boundary layer formed of an aromatic amine compound (Japanese Patent Laid-Open No. Hei 
10 6-267658), or an electron injection layer containing an alkali metal compound (Japanese Patent 
Laid-Open No. Hei 9-17574) is provided, and the like; however, these are not enough. 
[0006] 

[Problems to be Solved by the Invention] In the aforementioned related art, it is a big problem 
that emission luminance is deteriorated, and a region where no light is emitted called a dark spot 
15 is generated, which leads to insufficient stability. 

[0007] It is an object of the invention to provide an organic electroluminescent element in which 

emission efficiency is high and drop in luminance is small at the drive lifetime. 

[0008] 

[Means for Solving the Problem] The invention is an organic light emitting element having a 
20 buffer layer which is provided in contact with a cathode and is a layer containing at least a 
porphyrin compound or an aromatic amine compound and a metal having a work function of 4.0 
eV or less, or a layer containing a specific porphyrin compound. 

[0009] With such a structure, an organic electroluminescent element in which emission 
efficiency is high and a drop in luminance is small at the drive lifetime is provided. 
25 [0010] 

[Means for Solving the Problem] The invention described in claim 1 of the invention is an 
organic electroluminescent element which has an organic layer between a pair of electrodes and 
a buffer layer which is provided in contact with a cathode within the pair of electrodes and 
contains a porphyrin compound and a metal having a work function of 4.0 eV or lower. 
30 Although the porphyrin compound is usually considered as a hole transporting material, electron 
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injection from a cathode is improved by using it in the aforementioned structure; therefore it has 
such an effect that emission efficiency is higher and the drive lifetime is lengthened. 
[0011] In the invention described in claim 2, a porphyrin compound is expressed by the general 
formula (3). 
5 [0012] 

[Chemical Formula 3] 
(3) 

[0013] (It is to be noted that Ri to Rg denote the same or different hydrogen atoms, halogens, or 
monovalent organic residues. Ri and R 2 , R 3 and R4, R 5 and Re, and R 7 and Rg may form a ring 
10 in combination. Aj denotes -N = or -CR 9 =, R 9 is a hydrogen atom, a halogen, or a 
monovalent organic residue, and Mi is a hydrogen atom, a metal atom, a metal oxide, a metal 
halide, or a metal containing a monovalent organic residue.) 

Accordingly, as the monovalent organic residues of Rj to R 9 , alkyl groups which may diverge or 
are not required to diverge, substituted or unsubstituted aryl groups, unsaturated hydrocarbon 

15 groups such as vinyl groups or allyl groups, carboxyl groups, carboxyalkyl groups, hydroxyl 
groups, alkoxyl groups, acyl groups, alkyloxy groups, aryloxy groups, alkylthio groups, arylthio 
groups, nitro groups, amino groups, arninoalkyl groups, cyano groups, cyanoalkyl groups, 
substituted or unsubstituted three or more membered heterocycles, or the like can be used. 
Further, Ri and R 2 , R 3 and R4, R 5 and R^, and R 7 and R 8 may form a ring in combination. In 

20 particular, in the case of forming a benzene ring, a naphthalene ring, or the like which is an 
aromatic group ring, a compound group called a benzoporphyrin compound, a phthalocyanine 
compound, a naphthalocyanine compound, or the like is formed. Such a compound has such an 
effect that a ring in which stability is improved can be obtained. 

[0014] Further, Ml is a metal containing two hydrogen atoms, one or two metal atoms, a metal 
25 oxide, a metal halide, or a monovalent organic residue. As the metal atom, Li, Na, K, Rb, Cs, 
Be, Sr, Ba, Ca, Mg, Fe, Co, Ni, Cu, Zn, Mn, Cr, Al, Ga, Sn, Si, Ge, Sc, Ti, Pb, V, Pt, Pd, Cd, or 
the like can be used. Furthermore, as the monovalent organic residue, an alkyl group which 
may diverge or are not required to diverge, a substituted or unsubstituted aryl group, an 
unsaturated hydrocarbon group such as a vinyl group or an allyl group, a carboxyl group, a 
30 carboxyalkyl group, a hydroxyl group, an alkoxyl group, an acyl group, an alkyloxy group, an 
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aryloxy group, an alkylthio group, an arylthio group, a nitro group, an amino group, an 
aminoalkyl group, a cyano group, a cyanoalkyl group, a substituted or unsubstituted three or 
more membered heterocycle, or the like can be used. 

[0015] Specifically, porphin, ethioporphin, mesoporphin, protoporphin, protoporphin zinc, 
5 2,3,7,8,12,13,17,1 8-octaethylporphin, 2,3/7,8,12,13,17,18-octaethylporphin copper, 

2,3,7,8, 1 2, 1 3 , 1 7, 1 8-octaethylporphin magnesium, 5,10,1 5,20-tetraphenylporphin, 

5,10,15,20-tetraphenylporphin copper, 5,10,15,20-tetrapyridylporphin, tetrabenzoporphin, 
5,10,1 5,20-tetraazaporphyrin, 2,3 ,7,8, 1 2, 1 3 , 1 7, 1 8-octaethyl-5, 1 0, 1 5,20-tetraazaporphyrin, 

2,7, 1 2, 1 7-tetra-t-butyl-5, 1 0, 1 5,20-tetraazaporphyrin, 

10 5,10, 1 5,20-tetraphenyl-5, 1 0,15 ,20-tetraazaporphyrin, 

5,10,15,20-tetraphenyl-5,10,15,20-tetraazaporphyrin copper, nonmetal phthalocyanine, copper 
phthalocyanine, lead phthalocyanine, zinc phthalocyanine, magnesium phthalocyanine, cobalt 
phthalocyanine, tin phthalocyanine, tin chloride phmalocyanine, aluminum chloride 
phthalocyanine, titanyl phthalocyanine, naphmalocyanine, copper naphthalocyanine copper, 

15 cobalt naphthalocyanine, copper-4,4\4'%4'"tetraazaphmalocyanine, and the like are cited. 

[0016] The invention described in claim 3 is an organic electroluminescent element having an 
organic layer between a pair of electrodes and a buffer layer which is provided in contact with a 
cathode within the pair of electrodes and contains at least an aromatic amine compound and a 
metal having a work function of 4.0 eV or less. Although the aromatic amine compound is 

20 usually considered as a hole transporting material, when used in the aforementioned structure, 
electron injection from a cathode occurs easily, and emission efficiency is considerably 
increased; therefore, it has such an effect that a drop in luminance in the driving time can be 
made small. 

[0017] The aforementioned aromatic amine compound may be the one which is usually used for 
25 an organic electroluminescent element: an aromatic third amine compound, starburst amine, 
aromatic amine oligomer, or the like. In particular, the aromatic amine compounds disclosed in 
Japanese Patent Laid-Open No. Hei 7-126615, Japanese Patent Laid-Open No. Hei 7-331238, 
and Japanese Patent Laid-Open No. Hei 8-100172 have an improved heat resistance; therefore, 
they are optimal. Further, as the metal having a work function of 4.0 eV or less, there are an 
30 alkali metal, an alkali earth metal, a rare earth metal, scandium, yttrium, and the like. 
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[0018] In the invention described in claim 4, a metal having a work function of 4.0 eV or less 
may be an alkali metal or an alkali earth metal, and Li, Mg, Ca, Sr, and the like are particularly 
preferable. As a method for forming the aforementioned buffer layer, a method where the 
aforementioned porphyrin compound or aromatic amine compound and the metal having a work 
5 function of 4.0 eV or less are deposited from different deposition sources by . a vacuum 
deposition method is preferable; however, another thin film forming method may also be used. 
The aforementioned buffer layer may have a film thickness of 0.5 nm or more. Even when the 
film thickness is increased, a change in characteristics is small. 

[0019] The invention described in claim 5 is an organic electroluminescent element having an 
10 organic layer between a pair of electrodes and a buffer layer which is provided in contact with a 
cathode within the pair of electrodes and contains the porphyrin compound described by the 
general formula (4). 
[0020] 

[Chemical Formula 4] 
15 (4) 

[0021] (It is to be noted that Rio to Rn denote the same or different hydrogen atoms, halogens, or 
monovalent organic residues. A 2 denotes -N = or -CRig =, Rig is a hydrogen atom, a halogen, 
or a monovalent organic residue, and Mi is a metal containing a hydrogen atom, a metal atom, a 
metal oxide, a metal halide, or a monovalent organic residue.) 

20 Further, as the monovalent organic residues of Rio to Rig, alkyl groups which may diverge or are 
not required to diverge, substituted or unsubstituted aryl groups, unsaturated hydrocarbon groups 
such as vinyl groups or allyl groups, carboxyl groups, carboxyalkyl groups, hydroxyl groups, 
alkoxyl groups, acyl groups, alkyloxy groups, aryloxy groups, alkylthio groups, arylthio groups, 
nitro groups, amino groups, aminoalkyl groups, cyano groups, cyanoalkyl groups, substituted or 

25 unsubstituted three or more membered heterocycles, or the like can be used. 

[0022] Further, Mi is a metal containing two hydrogen atoms, one or two metal atoms, a metal 
oxide, a metal halide, or a monovalent organic residue. As the metal atom, Li, Na, K, Rb, Cs, 
Be, Sr, Ba, Ca, Mg, Fe, Co, Ni, Cu, Zn, Mn, Cr, Al, Ga, Sn, Si, Ge, Sc, Ti, Pb, V, Pt, Pd, Cd, or 
the like can be used. Furthermore, as the monovalent organic residue, an alkyl group which 

30 may diverge or are not required to diverge, a substituted or unsubstituted aryl group, an 
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unsaturated hydrocarbon group such as a vinyl group or an allyl group, a carboxyl group, a 
carboxyalkyl group, a hydroxyl group, an alkoxyl group, an acyl group, an alkyloxy group, an 
aryloxy group, an alkylthio group, an arylthio group, a nitro group, an araino group, an 
aminoalkyl group, a cyano group, a cyanoalkyl group, a substituted or unsubstituted three or 
5 more membered heterocycle, or the like can be used. 

[0023] Specifically, porphin, etln^porphin, mesoporphin, protoporphin, protoporphin zinc, 
2,3 ,7,8, 1 2, 1 3 , 1 7, 1 8-octae%lporphin, 2,3,7,8, 12, 1 3, 1 7, 1 8-octaethylporphin copper, 

2,3 ,7,8,1 2,13,17,1 8-octaemylporphin magnesium, 5, 1 0, 1 5,204etraphenylporphin, 

5,10,15,204etraphenylporphin copper, 5,10,15,204etrapyridylporphin, 

10 5,10,15,20-tetraazaporphyrin, 2,3,7,8,12 3 13,17,18-octaethyl-5,10,15,20-tetraazaporphyrin, 
2,7, 1 2, 1 7-tetra-t-butyl-5, 1 0, 1 5,20-tetraazaporphyrin, 
5 , 1 0, 1 5,20-tetraphenyl-5, 10,15 ,20-tetraazaporphyrin, 

5,10,15,20-tetraphenyl-5,10,15,20-tetraazaporphyrin copper, and the like are cited. 

[0024] The invention described in claim 6 is an organic electroluminescent element including a 

15 cathode formed of a metal having a work function of 4.0 eV or more, which is described in any 
one of claims 1 to 5, and has such an effect that the element having high emission efficiency and 
long drive lifetime can be obtained. Specifically, duminum, silver, copper, gold, tin, indium, 
manganese, nickel, platinum, and the like are preferable. Note that as a light emitting material, 
various fluorescence materials such as various fluorescent metal complex compounds; a 

20 fluorescent organic pigment compound such as an oxazole derivative or a styryl derivative; or a 
fluorescent high molecular compound such as polyparaphenylenevinylene can be used. Further, 
various fluorescent materials such as quinacridone, coumarin, rubrene, and perylene as dopant 
are added to a light emitting layer, thereby an organic electroluminescent element having higher 
efficiency, higher luminance, and higher reliability can be manufactured. 

25 [0025] Further, although the followings are cited as an element structure of the invention, it may 
be any structure as far as a buffer layer is provided in contact with a cathode. In addition, 
normally, an anode and a cathode are stacked in this order over a substrate. Meanwhile, a 
cathode and an anode may be stacked in this order over a substrate. 
[0026] Anode / light emitting layer / buffer layer / cathode 

30 Anode / hole transporting layer / light emitting layer / buffer layer / cathode 
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Anode / hole injection layer / hole transporting layer / light emitting layer / buffer layer / cathode 
Anode / hole transporting layer / light emitting layer / electron transporting layer / buffer layer / 
cathode 

Anode / hole injection layer / hole transporting layer / light emitting layer / electron transporting 
5 layer / buffer layer / cathode 
[0027] 

[Embodiment] Hereinafter, a specific example of the invention is described. 
[0028] In the following embodiment, an element structure is described as a typical example, in 
which unsubstituted triphenyl amine tetramer (TPT) shown in (Chemical formula 5) as a hole 
10 transporting material, tris(8-quinolmol)alurninum (hereinafter referred to as Alq) as a light 
emitting material, and aluminum as a cathode are used and an anode, a hole transporting layer, a 
light emitting layer, a buffer layer, and a cathode are stacked in this order; however, it is needless 
to say that the invention is not limited to this structure. 
[0029] 

15 [Chemical Formula 5] 
(5) 

[0030] (Embodiment Mode 1) An electroluminescent element of this embodiment has a structure 
in which a hole transporting layer 3, a light emitting layer 4, a buffer layer 5, and a cathode 6 are 
deposited in this order over a glass substrate 1 over which an ITO electrode is formed in advance 

20 as a transparent electrode 2 so as to be manufactured, as shown in FIG. 1 . 

[0031] First, a glass substrate (ITO electrode formed) which was thoroughly washed, TPT, Alq, 
copper phthalocyanine, aluminum, and lithium were set in a deposition device. After air was 
evacuated up to 2 x 10" 6 torr, the set TPT was deposited at a rate of 0.1 nm per second so that a 
hole transporting layer was formed in 50 nm thick. Subsequently, the set Alq as a light emitting 

25 material was deposited at a rate of 0.1 nm per second so that a light emitting layer with a film 
thickness of 25 nm was formed. 

[0032] Next, copper phthalocyanine and lithium were deposited from different deposition 
sources, and a buffer layer of 25 nm thick formed of copper phthalocyanine and lithium was 
stacked. After that, aluminum was deposited at a rate of 0.5 nm per second, and the thickness 
30 was 150 nm. Note that these deposition were sequentially performed in vacuum and the film 
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thickness was monitored by a crystal oscillator. 

[0033] After the element was manufactured, the electrode was immediately extracted in dry 
nitrogen, and subsequently, characteristics measurement was performed. Here, emission 
efficiency of the obtained element was defined by a value in the case where emission luminance 
5 was 500 cd/m 2 . Further, the drive lifetime was defined by the time until the luminance becomes 
500 cd/m 2 which was half of the initial luminance when drive was performed with a constant 
current while setting the initial luminance to be 1000 cd/m 2 . 

[0034] Consequently, in this embodiment, the light emission characteristic was 3.1 cd/A and the 

drive lifetime was 510 hours. 
10 [0035] On the other hand, an organic electroluminescent element was formed in the same way 

except that a buffer layer was not provided for comparison and the characteristics were examined. 

As a result, the emission efficiency was 0.7 cd/A and the drive lifetime was an hour or less. 

[0036] As described above, it was confirmed that the organic electroluminescent element of this 

embodiment was considerably improved in the emission efficiency and the drive lifetime. 
15 [0037](Embodiment 2) In this embodiment, an organic electroluminescent element was formed 

in the same way as Embodiment 1 except that a mixed film of a porphyrin compound shown in 

(Table 1) and lithium was used as a buffer layer and the characteristics were evaluated. 

[0038] The result was shown in (Table 1) below. 

[0039] 
20 [Table 1] 



Porphyrin compound 


Emission efficiency 
(cd/A) 


Drive lifetime 
(time) 


5 , 1 0, 1 5 ,20-tetraphenyl-2 1 H,23H-porphin 
copper 


2.8 


350 


Zinc phthalocyanine 


2.9 


440 


Tin chroride phthalocyanine 


3.1 


420 


Copper naphthalocyanine 


3.0 


430 



[0040] By (Table 1), it was confirmed that the organic electroluminescent element of this 
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embodiment was considerably improved in the emission efficiency and the drive lifetime. 
[0041] (Embodiment 3) In this embodiment, an organic electroluminescent element was formed 
in the same way as Embodiment 1 except that a mixed film of copper phmalocyanine and a metal 
shown in (Table 2) was used as a buffer layer and the characteristics were evaluated. 
5 [0042] The result was shown in (Table 2) below. 
[0043] 
[Table 2] 



Metal 


Work function 
(eV) 


Emission efficiency 
(cd/A) 


Drive lifetime 
(time) 


Lithium 


2.9 


3.1 


510 


Magnesium 


3.7 


2.8 


450 


Calcium 


'.9 


2.9 


490 


Aluminum 


4.3 


0.8 


1 


Silver 


4.3 


0.5 


1 



[0044] By (Table 2), it was confirmed that the organic electroluminescent element of this 
10 embodiment was considerably improved in the emission efficiency and the drive lifetime. 

(Embodiment 4) In this embodiment, an organic electroluminescent element was formed in the 
same way as Embodiment 1 except that a mixed film of an aromatic amine compound and 
lithium was used as a buffer layer and the characteristics were evaluated. As the aromatic 
amine compound, TPT shown in (Chemical Formula 1), TPD which was 
15 N,N'-diphenyl-N,N'bis(3-methylphenyl)-l,l'-biphenyl-4,4'-diamine, and MTDATA which was 
4,4%4"-tris(N-(3-methylphenyl)-N-phenylamino)triphenyl amine were used. 



[0045] The result was shown in (Table 3) below. 

[0046] 

[Table 3] 



Aromatic amine 


Emission efficiency 
(cd/A) 


Drive lifetime 

(time) 


TPT 


2.8 


250 


TPD 


2.3 


180 
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[0047] By (Table 3), it was confirmed that the organic electroluminescent element of this 
embodiment was considerably improved in the emission efficiency and the drive lifetime. 
(Embodiment 5) In this embodiment, an organic electroluminescent element was formed in the 
same way as Embodiment 1 except that only a porphyrin compound shown in (Table 4) was used 
as a buffer layer and the characteristics were evaluated. 
[0048] The result was shown in (Table 4) below. 
[0049] 
[Table 4] 



Porphyrin compound 


Emission efficiency 
(cd/A) 


Drive lifetime 
(time) 


2,3 ,7,8, 1 2, 1 3 , 1 7, 1 8-octaethyl-2 1 H,23H- 
porphin 


2.5 


250 


2,3 ,7,8, 1 2, 1 3 , 1 7, 1 8-octaethyl-2 1 H,23H- 
porphin copper 


2.3 


230 


2,7, 1 2, 1 7-tetra-t-bufy 1-5 , 10,1 5,20- 
tetraaza-2 1 H,23H-porphyrin 


2.1 


240 



[0050] By (Table 4), it was confirmed that the organic electroluminescent element of this 
embodiment was considerably improved in the emission efficiency and the drive lifetime. 
[0051] 

[Effect of the Invention] As described above, by the invention, a buffer layer which was provided 
in contact with a cathode within a pair of electrodes contains at least a porphyrin compound and 
a metal having a work function of 4.0 eV or less, thereby such an advantageous effect that an 
organic electroluminescent element in which emission efficiency was high and a drop in 
luminance was small when drive lifetime was spent can be obtained. 
[Brief Description of the Drawings] 

[FIG. 1] A configuration diagram of an organic electroluminescent element in an embodiment of 
the invention. 
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[Explanation of Reference] 

1 glass substrate 

2 transparent electrode 

3 hole transporting layer 
5 4 light emitting layer 

5 buffer layer 

6 cathode 
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fc^jtLT A 1 tt-N=fc5V^«-CR 9 =& 

[BI*I3] -»©«iO|Hl!:*|«i«r*i-5*lt« 
y ^M^fcftT/u* y ±MAjR-c«>«M*g( i 

IH8**?-T?*>oT, «rtE-»©«tt©rtO|*liti(EL 
Tfgitfc^y^r— Jf -JSS (2) T'fEj££tb5# 

2] 



(2) 




*, ^py>£/U2ltf©MSK£*U A 2 [i-N 
= S>5VH4-CR u =«r*U R 18 i4**M^, 

[fit *gt e ] ft*ia»as 4 . 0 e vw±©& 

[8&oittliifcK9J] 
[0001] 

[0 0 0 2] 

f^fc* L- jgfqfb $ tbT v ^ 5 tLTli, 
iWS©Zn S&fflVVfcSK^fcS,, t^U -©81 
ft*tt|0«IHl3t3fr?tt*3t©fc»©Wtt«Efc LT2 

oovggM-efcstfe, &<{m&thZ>imm^>T 
[0 0 0 3] rtit^LT, #»tm*rfflv^«IHS3t 

i»e>ttB£aSVNfc©T?&ofc;aS s 1 9 8 7ft=^^ 
tt©C. W. TangfefcioTRHSSilfcaUffift* 
^(CJ; 19 , *©^3WM«jfc:j«*Lfc. (A p p 1 . 
Phys. Lett., 5 11, 913 H, 1987 

5 E?L*ii3i-t-5rt©T-§5 

[0004] :nctoT, *^«#^*«^©ig?t?i) 

$i^lL, 1 0 V^T©SBEt?l 0 0 0 c d/mSK 
3t*^©K*«)4a53t«Ftte, #tMxTfc 9 , lift 



-fxtfyhb Lft^fWMi Lfc "9 , 

[0 0 0 5] *i*«JtH^r«»3tSfclSEffi©Pfllt3Sr#Sl 

6 7 6 5 8 , TfrZV&mit&MZ&ttm*®. 
ASftlSSt^t (#FI?9-1 7 5 7 4^S) ftf 
^ $ ft T v n 5 4$ , - ft b T*« * fe 5 o 

[0 0 0 6] 

ft5?SftLft^ft%^£L/ci9 LT, ft£tt*^-M> 

[0007] #388i3tt % %imm^%<mmm^(Dn 

SroffiT**** v^tfWIJWS*** 5 r i ft g 

[0 0 0 8] 

«7 5 i/fljft* t tt*H8kis 4 . OeV ©&Ji ft 

'>ft< it-ttfi, *fctt»s©^7-f y wn^ft 
[0009] ^ipftMciftif, »?i*^*< 

#fe£ft5o 

[0 0 10] 

12, -*t©Sffi©IHI^ft-«Sft^ri-5*«l«#fS3t5ff^ 
y 7 r *°/U7 ^ y ^{fr&ft t tt#M$fc/$ s 4 . 0 

LT#x:fcftTV^#\ llEOKfS^Siiia 
9s ISfe^b©m^aA^&»£ft5fcfc, 

A < mmm&tf ft & < ft s t v > 5 ams ft **■ 
[0011] 2 khe«i©$8WW:, ^7 y vft 

(3) T*£ft5t©T*fc5„ 

[0 0 12] 
[ft 3] 



(3) 




[0013] (fcfcU R, ~R 8 f4P-TfcS*oT 

U R,iR r RjiR (> R s tR s> R,tR s 
tt#IWTS|*r»ritLTt>J:< , A, tt-N = feSVM4- 
CR,=^U R 9 fi**Jg^, ^omfcliil 

mx'hz, ) 

rft(cj;i5, R ~R,©1 LTtt, # 

©r y -/us, if =a**t y /u«*©^iSiBiWfc*# 

& ry— /u**s/*, tvu^/u^s, Ty-/uf-± 

->t/t^^s, 3 ju*&± 

©«*at«sw8v>e>ft#a. R,tR 2> R 3 t 

R 4 , R 5 tR,, R^R.Il, #WT?S*«r»jfcLT 
t>±<, #}^#^»W<V-|f>^^-7^UV^ft 

^ufc»^fc«:-<v5/«K/u7-f y 7?oi/ 
r - -yqc&m s -ry?u?sT~ ft a t muti a 

it&mffi i: ft 5. r. © i 5 fcfc£*tt5fcJH4#|fO± Lfc 
[0 0 14] Ml(4 2firo7K*JST-, lfl*fcf± 

tfW^«Sft*1-5^«-efci?, ^BJJS^i LTI3L 
K Na, K, Rb N Cs, Be, Sr, B a, Ca, 

Mg, Fe, Co, Ni, Cu, Zn, Mn, Cr, A 
l, Ga, Sn, Si, Ge, Sc, Ti, Pb, V, 

Pt, Pd, Cd«WBv^#5. Sfclc, itf©;ft« 
littlt #ii£LTt>Lft<Tt>J;^7/u=af/ufi, m 

ftsfciiftiftor y -/us, t-n/us^T y /us^w 

^lafOKft/K**, */U/K=3r->/US, 7J/U^>^T/Udr 
JVM, tKo^f->/H, T/U3dfv-/V^ T->/US, T 
/U^/U^v^ 7y-;wi^->l, T/U^/U^^K, 
7!)-/^ti, =hnl, 75/1, T5/T/Vdr/U 

X, •>7/'S, ->7;7^^I 1 WMtLtci±MWM(o 



[0 0 15] MPf^iat, tf/uyjy, -ci-3-7$/\s7 4 
>\ ^y/K^^y, y"u Yft/vy^y, y°u btf^y 
A yflS, 2 , 3, 7, 8, 12, 13, 17, 18- 

$=c*f-]Vi$.)V7 2, 3, 7, 8, 12, 1 

3, 17, 18-*^xf/«/>7-fyS, 2, 3, 
7, 8, 12, 13, 17, lS-t^^ifM*^ 
^v^i/^A, 5, 10, 15, 20-7l-77i 
-jVfttVyjy, 5, 10, 15, 20-f F77i= 
j >>m, 5, 10, 15, 2 0— f h^t'Dv^ 
^*>7^y, fh7^V/'f/V7^^ 5, 10, 1 
5, 2 0-T YyT^fiS/vyj y V, 2, 3, 7, 8, 
12, 13, 17, 18-t^?if^-5, 10, 1 
5, 2 0-fb77f*>7^yx 2, 7, 12, 1 
7-fF7-t-7'f;V-5, 10, 15, 20-TF57 
if zKA-y ^ y >\ 5, 10, 15, 20-rF77x = 
yV-5, 10, 15, 2 0-X h7Tif/K^7^ y V, 
5, 10, 15, 2 0-Th77i=/l/-5, 10, 1 
5, 2 0-rb77f*"/U7^!Jyi, Ml7:?nv' 
T = >\ IS7^n->T=>, ii}7^n-77 = y 
^o~>7=-^ 7^->^7^d->7^ 
7?o-77=y ^7^n->T = >, ±g{t:ig7^n->T 
mCTlP%7$u?yT~^, ^-^=z.jvy^u^T 
-y^ t7^D->7-y gft-fypni/T-y^ 
/l/ht7^P->7=>', §11-4, 4' , 4' ' , 
4' ' ' 7 1 h7Tif7;?n->7-^^*(f fcixSo 

[0 0 16] «#®3fc|ElMW>3&93W:, -*fro«lSroM 

MT =■ Wb£-*i:tt*B8»# 4 . 0 e V«Tro&«£'> 

7)5, ±E©«fifc-Cfl^3£, i»b Atf^Ir 
#£ro(6T&(£«1-5 £ 1 7)5 pjfg 1 4 5 t v > p fls/B ft* 
[0017] JLE^ff^T 5 >-fc£*fc LTf*in»« 

V^-y =fV-fti*;&SJ:K #H¥7-1 2 6 6 1 

W§B¥7-3 3 1 2 3 8^m, WW¥8- 
1 0 0 1 7 2-S^Tll*£ftT^5##*T5>'flS'fr 
«ttfflllM4i^±Lfct,©-e!fe5»ai-efc5. Sfc, ft 
*BB** S 4 . 0 e VJ^TW^* i LTIiTVW* y 

y ^7A^7)Sfe5„ 

[ooi8] m*^4\mm(Dwm, tt*w»#4. 

±SB4feJRT?fc5iJ:<, ttfc, L i, Mg, Ca, S r 

^^WTfcs 0 ±.m/<y7T~mmmjjmt lx& 



^MT% tit^mm* 4. 0 e VSXTO&m*: 

{mmmm3> : &*m ^x t> ± v \ ±is/< ^77-1© 

BtffttO. 5nmm±fef 3 tfJ;<llff^J¥< LTfc#tt 
[0 0 19] BI*l5H:E*oaiWH:, — *T©«ffi©BB 

s< (4) xmm^ti?>^uy ^ v y^m^tf^nx 

[0020] 
Mb 4] 

(4) 




[0 0 2 1] (fcfcU R I0 ~R 1T ttW— Ct>*<to-C 

t> i v vmhih\ ^ n y 1 ioasi^g 

U A 1 tt-N = fc3V^4-CR 1I =frSi*U R 18 (±7K 

x>o^*fcHt 1 «ro*«SXfe D , M, (4 

&mm*. &mm&, '^wt&m*it 

R 10 ~R I8 Wlffi<75^«Ki:LTH:, MLT 
fc Lft< Xh £^7/l'^S > S^*fcttl!gg^(7)Ty 

V-JVis-^-ym, T/u^/u^m, 7!)-^S, = 

[0022] m, ^E©**!^ lesrctt 

2fi©&JR]g^ % Mm\YM, ^n/f>jk^M^7c«l 
iOt«SSrft5&lT?fe 9 , ^JSJS-f-i LTflL 
i , Na, K, Rb, Cs, Be, Sr, Ba, Ca, 
Mg, Fe, Co, Ni, Cu, Zn, Mn, Cr, A 
1, Ga, Sn, Si, Ge, Sc, Ti, Pb, V, 
Ft, Pd, Cdf^fflV^, gcfefc, lfiQffita 

m*7ttt««mror y -a-ie, \?~/um^T v /vmmn 



/v*;v***/m, ry-zi't^v'i, t^m?*^ 
3 m»^± <o«*ss«SEifls m V ^ fe *l# 5 . 

[0 0 2 3] ^ftlftt-fl, ^7^>, if^?^ 
>\ ^y*V7^y, 7nhtfU-7^f>\ 7n F7lf/U7 
-I" Vffi&h 2, 3, 7 , 8, 12, 13, 17, 18- 
t^^xf/V7K/U7-fy, 2, 3, 7, 8, 12, 1 
3, 17, 1 8-$r? ?^;U#;uy j y#3 x 2, 3, 
7, 8, 12, 13, 17, 1 8-^"^ ^^^^7 
5, 10, 15, 20-f t-77x 
=/U3j?/U7^>\ 5, 10, 15, 20-fh77i = 
/UzK/W^yffl, 5, 10, 15, 2 0-rF7t'!)v> 
/U-,1f/W7^y\ 5, 10, 15, 2 0-T h7T-ftf/U 
7-f 2, 3, 7, 8, 12, 13, 17, 18- 

io, 15, 2 o— r VyT-fat/v 

7-f!)y, 2, 7, 12, 17-7h7-t-7'f^-5, 
10, 15, 2 0-x hyTif*VW7^ y V, 5, 1 
0, 15, 2 0-7h77xn;l/-5, 10, 15, 2 
0-X h7Tif^VW7^- y 5, 10, 15, 20- 
y- h77x=/l/-5, 10, 15, 2 0— rfyTifTK 

y virow'fenso 

[0 0 24] 6 telEtt©3893 (4> MfJjSS 1 t-h 5 

a n is % ii, 'fy-^A, -^y^v, = y $r 

u y t*= uyft if^m^ttiS £«*©*3fe 
WH-fc/lv^ MI (-^7^ y K 

y^vpy, ^7>y, ^y u^*4f©#a^3ttt^ 
Sr Kw<y h t LTSsip-TS ZtlzZV $ fe fcSSMs, 

[0 0 2 5] *3SKO*?-«J§^ UTttfiHTOt 

©flUfctf fetl5#\ ItSldi LT/< ?7r fe 

±tes^feits<7)]ii}c:asi-5^, zKt\m\z-m& 
hwmit* fe newjii^aji lt h x v\ 
[0026] »ffi/is3ts//< 777 -m/im 
mm/mim$km/m%m/'< yyy -m/mm 

/mm 

^m/-mMmm/m%m/m-mmm/^ -777-1 
/»* 



,< y y 7 ~m/mm 

[0 0 2 7] 

[0 0 2 8] WTW»«T(4, IKLft^i LT (it 
5) T'*1-^g^ h y 7^=/WT5 VHifls: (TPT) 

!7A (KTA l q fc^5<, ) IItLT7;V5-7 

[0 0 2 9] 
[ft 5] 
(5) 




[0030] (njk0ii 1 ) fciiifefljromjwsfts^tt. 

[0 0 3 1] *1\ +^iCgfe^Lfc77'7^S« ( I TO 
ttfttfftKft*) , TPT, Alq, S7?/->7= 

fc. OV^T\ 2 X 1 o" 6 1 o r r *T?#iKLfcl*» 0. 

1 n m/S>©3£gT-fc 7 h LfcTP T *MM LIE7l«H!l 
m%5 0 nmJWl/ft. OVT% -fey h Lfc3S3fett©A 

lq*0. In m/#©^g-?M U lifM 2 5 n m© 

[0 0 3 2] fcfc, *7#B<>7'=^iy^^ASrJ»4 
5£*iU:0ft*U i7^n->7=yHf7AA^ 

45^777-I^2 5nmilLt 0 -£©11, TVl"? 
= >?-Aco^#t:0. 5nm/»©JSftTfffV\ ^©J?:£ 
&15 0nmiLfc o ;i;ftfe©I;«W:Vvf tifeX 

[oo3 3] ^tlt, mi-\m&, *fcfcia»***-e 
wswj&DttiLSrtrvv §it)t*ftttaij£Srffofc 0 

T\ #fetbfc#-?©»*ai*H:, H*jWS5 00 cd/ 
1 0 0 0 c d/m 2 t LT-£«tT«ftLfct£t^ 

ntt^fiiJiiio^o 5 o o c d/m 2 \ctez>mx°<Dmm 

[0034] *©fe*, *llifei5'!l^c:t^^^T^4, |g7t#ft 



tt3. 1 c d/A, ffilJj*^tt5 1 0mm-T:h-otz o 
[0 0 3 5] Jt«©fc»fC, /<y7r-JiSr»tt 

srw^fc. ^©ei, »3ta*w:o. 7 c d/A % nb 

[0 0 3 6] jJUbJ: i? , *HJ6«!l©^rttt*IHS3fe3|f^- 



[0 0 3 7] 2 ) ***Wt?B:, /< y 7 r -B 

t LT (£1) I^Lfc^7^f !J D f !>A 

[0 0 3 8] &T<© (ftl) fcjjfrf. 

[0 0 3 9] 

[ftl] 





(cd/A) 


(.ms) 


5, 10, 15, 20-f 1 h77x =A~21H, 23H-3K/t'7 ^ V 

SI 


2. 8 


3 5 0 




2. 9 


4 4 0 




3. 1 


4 2 0 




3. 0 


4 3 0 



[0040] (ft.i ) iu, **»IotitM)fcS 

[0041] mnm 3 ) -1 

t LXM7?vi'T~l't («2) ^-r^M^s^m^ 



[0 0 4 2] ^(7>feH£, siT<v (ft 2) }c^i- 0 

[0 0 4 3] 
[*2] 





mm® 




BiSfrfiNJr 


(eV) 


(cd/A) 


(BflH) 




2. 9 


3. 1 


5 10 




3. 7 


2. 8 


4 5 0 




2. 9 


2. 9 


4 9 0 




4. 3 


0. 8 


1 


m 


4. 3 


0. 5 


1 



[0044] «2) ±9, *mmm<Dmmm&mm 

(IMJ4) **Jt0ST?tt, /<y7r-itl.T»SR 

TPT, N, N' -i'7i=;l'- N, N' \?X (3- 
^f/l/7x=/l/) -1, 1' -t'71^-4, 4' - 
i?T $ VT'fcST PD V &tM, 4' , 4' ' - MJ * 

(N— (3-y^7=:=-/U) -N-7i=;V75/) 
h y 7i=/l/7?yt*&5MTDATASrffl^fc„ 

[0 0 4 5] ^rolSH^, WT© (ft 3) fcSi". 

[0 0 4 6] 

1*3] 



[0047] (ft 3 ) J; 9 , #3lffi0yro#»miM&ft* 
(IBfe0!l5) *nMmx*^ y<y7r-mt LT (ft 

[0 0 4 8] Jznm^k*. KTO (ft 4) it^-To 

[0 0 4 9] 

[ft4] 





(cd/A) 


mm) 


TPT 


2. 8 


2 5 0 


TPD 


2. 3 


18 0 


m-MTDATA 


2. 5 


2 3 0 





(cd/A) 


WW) 


Z, 3, 7, B, 12, 13, 17, 18-^^ ^ zc^r/U~ 21H, ZZH~^^ 






2,3. 7, S, 12, 13, 17, IB-:** ^^1r/W21H, ZSAr^lV 
7-f ^ 


2. 3 


2 3 0 


2,7, 12,17-7=- l-7-t-7' = f- , l-5. 10, 15, 20-? ff7 
f-21H.23H-5K^-< !/>- 


2. 1 


2 4 0 



[0050] m 4 ) J: 5 , *l£ifcflro:fr««lM&3te3g 

[0 0 5 1] 

mmn^m ^±©±5^ -»© 

«* o rt © HtttKl* U TK rt fc/< y 7 r » # A' 7 



5 nn-77-m 




[01] *^PJ©*»^!ll^it5«S#5g7t^©« 

1 **7X» 

2 SH«« 

3 EFL*J£Ji 
4 

5 /^7r-i 

6 Pi« 



